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SAMPLE PROCESSING DEVICE WITH INTEGRAL 
ELECTROPHORESIS CHANNELS 

GRANT INFORMATION 
The present invention may have been made with support from the U.S. 
Government under NIST Grant No. 70NANB8H4002. The U.S. Government may have 
certain rights to the inventions recited herein. 

FIELD OF THE INVENTION 
The present invention relates to the field of sample processing devices and 
methods. More particularly, the present invention relates to sample processing devices 
with integral electrophoresis channels and methods of loading the electrophoresis channels 
with an electrophoresis sieving polymer. 

BACKGROUND 

The preparation of a biological sample for, e.g., DNA sequencing and detection 
can involve a number of critical processes and transfers. For example, a user may be 
required to prepare a biological sample input (e.g., purified DNA target, whole 
blood/tissue, etc.) and extraction/clean-up. After these steps are completed, the sample 
materials may typically undergo polymerase chain reaction (PCR) amplification, clean-up 
and possible detection. The prepared PCR amplification products may then undergo 
Sanger amplification and clean-up. Following these steps, the end product of the 
processed sample material may undergo electrophoresis and fluorescence detection. 

Each of these procedures can require considerable human intervention and a 
number of fluid transfers, all of which can result in errors, contamination, and exposure to 
potential biohazards. Furthermore, the time required from sample input to sequence data 
output can, in some instances be up to 24 hours or more. In addition, the various 
equipment required to perform the different procedures may cost, e.g., US$100,000 to 
about US$200,000 or more, thereby increasing the cost of the processing. Further, the 
personnel performing these procedures are typically highly-skilled, with expertise in DNA 
sample preparation, machine interface/maintenance, analysis and quality control. 
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Furthermore, it is important that electrophoresis sieving polymer located along an 
electrophoresis path, e.g., a capillary or slab, be substantially, if not completely, free of 
voids and/or bubbles to allow for accurate separation of the analyte. Many different 
techniques have been developed for loading electrophoresis sieving polymer into 
capillaries and other electrophoresis devices. Many of these techniques, however, do not 
allow for the removal of voids and/or bubbles after they are located within the 
electrophoresis sieving polymer, requiring complete removal of the electrophoresis sieving 
polymer and reloading or simply discarding the device and beginning with a new device. 

SUMMARY OF THE INVENTION 

The present invention provides a sample processing device with electrophoresis 
channels and methods of loading the electrophoresis channels with electrophoresis sieving 
polymer while rotating the sample processing device. 

The sample processing devices are designed for processing sample materials that 
include chemical and/or biological mixtures. If the sample materials include a biological 
mixture, the biological mixture preferably includes biological material such as peptide- 
and/or nucleotide-containing material. It may further be preferred that the biological 
mixture include a nucleic acid amplification reaction mixture (e.g., a PCR reaction mixture 
or a nucleic acid sequencing reaction mixture). 

In some instances, the electrophoresis channels may be arranged radially relative to 
the axis of rotation of the sample processing device. In other sample processing devices, 
the electrophoresis channels may be arranged in curved arcs that are concentric about the 
center of the sample processing device (which preferably corresponds to the axis of 
rotation). 

Further, the electrophoresis channels may in some instances be unvented, such that 
the only opening into or out of the electrophoresis channel is located proximate the 
chamber or port into which the electrophoresis sieving polymer or other sample materials 
are introduced. In an unvented electrophoresis channel, the terminal end of the 
electrophoresis channel, i.e., the end distal from the axis of rotation and/or the loading 
chamber, is sealed to prevent the exit of fluids from the electrophoresis channel. 

Sample processing devices in which the electrophoresis channels are vented 
proximate their terminal ends may preferably include a flow restrictor along the path 
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followed by the electrophoresis sieving polymer during loading of the electrophoresis 
channel. The flow restrictor may be, e.g., a closed valve that prevents fluid flow until 
opened, or it may be in the form of a constricted passage through which the 
electrophoresis sieving polymer must travel during loading. 

Regardless of whether the sample processing devices include a valve or a 
constricted passage, rotation of the sample processing device with the electrophoresis 
sieving polymer located therein for delivery to the electrophoresis channels provides a 
significant advantage in that the fluid pressure generated in the electrophoresis sieving 
polymer during rotation before the electrophoresis sieving polymer passes through the 
flow restrictor (e.g., while the valve is closed) substantially, if not completely, removes 
any bubbles sufficiently large to adversely affect the separation to be performed in the 
electrophoresis channel. 

Another advantage of sample processing devices according to the present invention 
is that even if bubbles or voids are located in the electrophoresis channels after loading 
with electrophoresis sieving polymer, the bubbles or voids may be removed by further 
rotation of the sample processing device. In other words, what could be considered a 
failure during loading can be corrected by additional rotation of the sample processing 
device (in contrast to the known methods and devices in which the electrophoresis channel 
must be emptied and reloaded or simply discarded). 

In one aspect, the present invention includes a method of providing an 
electrophoresis channel containing an electrophoresis sieving polymer by providing a 
device having a plurality of electrophoresis channels and at least one electrophoresis 
medium chamber; providing electrophoresis sieving polymer in the at least one 
electrophoresis medium chamber; and rotating the device about an axis of rotation while 
the at least one electrophoresis medium chamber is in fluid communication with each 
electrophoresis channel of the plurality of electrophoresis channels, wherein the at least 
one electrophoresis medium chamber is located radially inward from the plurality of 
electrophoresis channels relative to the axis of rotation. During rotation of the device, the 
electrophoresis sieving polymer in the at least one electrophoresis medium chamber moves 
into the plurality of electrophoresis channels. 

In another aspect, the present invention includes a method of providing an 
electrophoresis channel containing an electrophoresis sieving polymer by providing a 
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device with at least one electrophoresis medium chamber and a plurality of electrophoresis 
channels, wherein each electrophoresis channel of the plurality of electrophoresis channels 
is an unvented electrophoresis channel. The method also includes providing 
electrophoresis sieving polymer in the at least one electrophoresis medium chamber; and 
rotating the device about an axis of rotation while the at least one electrophoresis medium 
chamber is in fluid communication with each electrophoresis channel of the plurality of 
electrophoresis channels, wherein the at least one electrophoresis medium chamber is 
located radially inward from the plurality of electrophoresis channels relative to the axis of 
rotation. During rotation of the device, the electrophoresis sieving polymer in the at least 
one electrophoresis medium chamber moves into the plurality of electrophoresis channels. 

In another aspect, the present invention provides a device for processing sample 
material, the device including a substrate with first and second major surfaces and a hub 
defining an axis of rotation for the substrate; a plurality of electrophoresis channels in the 
device, wherein the plurality of electrophoresis channels extend generally radially outward 
relative to the axis of rotation; a plurality of process chambers in the device, each of the 
process chambers defining a volume for containing sample material. The device further 
includes a connection structure located between at least one electrophoresis channel of the 
plurality of electrophoresis channels and at least one process chamber of the plurality of 
process chambers, wherein the connection structure has a closed configuration in which 
sample material is prevented from moving into the at least one electrophoresis channel 
from the at least one process chamber, and wherein the connection structure has an open 
configuration in which sample material is capable of moving into the at least one 
electrophoresis channel from the at least one process chamber. Also included in the 
device is at least one electrophoresis medium chamber in fluid communication with each 
electrophoresis channel of the plurality of electrophoresis channels. 

These and other features and advantages of the invention may be described in 
connection with various illustrative embodiments of the invention below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a plan view of one sample processing device with integral electrophoresis 
channels. 
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FIG. 2 is a plan view of the opposing side of the sample processing device of FIG. 

1. 

FIG. 3 is an enlarged view of a portion of one process array on the sample 
processing device of FIG. 1. 

FIG. 3 A depicts one exemplary flow restriction in the form of a constricted 
passage along a channel through which electrophoresis sieving polymer moves during 
loading of an electrophoresis channel. 

FIG. 4 is an enlarged cross-sectional view of a valved process chamber in the 
process array of FIG. 3 (taken along line 4-4 in FIG. 3). 

FIG, 5 is an enlarged cross-sectional view of an outermost process chamber in the 
process array of FIG. 3 (taken along line 5-5 in FIG. 3). 

FIG. 6A is an enlarged cross-sectional view of an electrophoresis channel in the 
sample processing device of FIG. 1 (taken along line 6-6 in FIG. 1). 

FIG. 6B is a cross-sectional view of an alternative electrophoresis channel 
construction. 

FIG. 7 is a plan view of an alternative sample processing device according to the 
present invention. 

FIG. 8 is a plan view of an alternative sample processing device according to the 
present invention. 

FIG. 9 is a plan view of an alternative sample processing device according to the 
present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE 

INVENTION 

The present invention provides sample processing devices including integral 
electrophoresis channels and methods of using the same. The electrophoresis channels 
may be arranged on the sample processing device in any desired relationship such that 
rotation of the sample processing device can be used to load the electrophoresis channels 
with electrophoresis sieving polymers. Different illustrative designs of sample processing 
devices are depicted in the figures and described herein, although it should be understood 
that alternative arrangements of electrophoresis channels may be provided in sample 
processing devices according to the present invention. 
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One side of one embodiment of a sample processing device 10 is depicted in FIG. 
1. The depicted sample processing device has a generally flat, disc-like shape, with two 
major sides 12 and 14 (with side 12 seen in FIG. 1 and side 14 seen in FIG. 2). The 
thickness of the sample processing device 10 may vary depending on a variety of factors 
(e.g., the size of the features on the sample processing device, etc.). In FIGS. 1-3, the 
features depicted in solid lines are formed on or into the visible side of the sample 
processing device 10, while the features in broken lines are formed on or into the hidden 
or opposing side of the sample processing device 10. It will be understood that the exact 
construction and location of the various features may change in different sample 
processing devices. 

Although relative positional terms such as "top" and "bottom" may be used in 
connection with the present invention, it should be understood that those terms are used in 
their relative sense only. For example, when used in connection with the devices of the 
present invention, "top" and "bottom" are used to signify opposing sides of the devices. In 
actual use, elements described as "top" or "bottom" may be found in any orientation or 
location and should not be considered as limiting the methods, systems, and devices to any 
particular orientation or location. For example, the top surface of the device may actually 
be located below the bottom surface of the device in use (although it would still be found 
on the opposite side of the device from the bottom surface). 

The sample processing device 10 includes three process arrays, with each of the 
process arrays including a plurality of process chambers 20a, 20b, 20c, and 20d (referred 
to collectively as process chambers 20 below). One of the process arrays is enlarged in 
FIG. 3 to facilitate an understanding of the present invention. 

As used in connection with the present invention, the term "process array" is used 
to refer to a collection of process chambers connected by a passageway such that materials 
can be transferred between the process chambers. Although the depicted process arrays in 
FIGS. 1-3 include four process chambers, a process array may include as few as two 
connected process chambers. 

Further, the term "process chamber" should not be construed as limiting the 
chamber to one in which a process (e.g., PCR, Sanger sequencing, etc.) is performed. 
Rather, a process chamber as used herein may include, e.g., a chamber in which materials 
are loaded for subsequent delivery to another process chamber as the sample processing 
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device if rotated, a chamber in which the product of a process is collected, a chamber in 
which materials are filtered, etc. 

The process arrays in sample processing devices of the present invention are 
arranged such that rotation of the sample processing devices facilitates the transfer of 
materials within the process arrays. It may be preferred that the process chambers 20 be 
arranged in a generally radial manner as seen in FIG. 1, such that as the sample processing 
device 10 is rotated about a central axis of rotation 11, sample materials in the process 
arrays are driven in the direction of the outermost process chamber 20d. In many 
instances, the innermost process chamber 20a may be referred to as a loading chamber, 
i.e., a chamber into which sample materials may be first introduced into the process array. 

Although each of the process arrays of sample processing device 10 is depicted as 
being independent of the other process arrays (i.e., not in fluid communication with the 
other process arrays), it should be understood that one loading chamber may be used to 
supply process chambers in two or more process arrays. In such an instance, the process 
arrays may be fed by what can be referred to as a common loading chamber. 

The process chambers 20 in each process array are sequentially connected by 
distribution channels 30a, 30b and 30c (commonly referred to below as distribution 
channels 30). The distribution channels 30 may be normally open between process 
chambers 20, for example, distribution channel 30a is normally open between process 
chambers 20a and 20b. As a result, rotation of the sample processing device 10 about axis 
of rotation 1 1 will typically cause materials in the innermost process chamber 20a to move 
towards process chamber 20b through distribution channel 30a. 

It should be understood that although the process arrays of the depicted sample 
processing devices include distribution channels between the process chambers, within the 
array, it may be possible to provide process arrays on devices in accord with the present 
invention that are connected directly with each other, i.e., the process chambers may not 
be separated by a distribution channel or other fluid pathway. At least some separation 
between process chambers within the process arrays may, however, be preferred. 

FIG. 4 is a cross-sectional view of the valved process chamber 20b in the process 
array of FIG. 3 and depicts a number of other features of one potential construction of a 
device that could be used in connection with the present invention. The construction of 
the sample processing device 10 includes a core 80 in which the features of the device are 
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formed by any suitable technique (e.g. molding, machining, etc.). One surface 82 of the 
core 80 may include a cover film 84 attached thereto. 

The cover film 84 is typically applied along the length and width of at least each 
process array to seal the process chambers, distribution channels and other volumes that 
open to the surface 82 of the core 80. It may be preferred that the cover film 84 extend 
over substantially the entire surface 82 of the core 80 and, thus, be coextensive the major 
side seen in the plan view of, e.g., FIG. 1. 

A cover film which acts as a sealing membrane, can include an adhesive, 
preferably, a pressure sensitive adhesive, disposed on a backing (preferably, a backing that 
is transparent to electromagnetic energy of selected wavelengths). The adhesive is selected 
such that it adheres well to materials of which conventional analytical receptacles are 
made (preferably polyolefins, polystyrene, polycarbonate, or combinations thereof), 
maintains adhesion during high and low temperature storage (e.g., about -80°C to about 
150°C) while providing an effective seal against sample evaporation, does not 
substantially dissolve in or otherwise react with the components of the biological sample 
mixture. Thus, the type of adhesive is not critical as long as it does not interfere (e.g., bind 
DNA, dissolve, etc.) with any processes performed in the sample processing device 10. 
Preferred adhesives include those typically used on cover films of analytical devices in 
which biological reactions are carried out. These include poly-alpha olefins and silicones, 
for example, as described in International Publication Nos. WO 00/45180 (Ko et al.) and 
WO 00/68336 (Ko et al.). 

The bottom of the process chamber 20b also includes a cover 86 attached to the 
surface 88 of the core 80 to enclose the volume of the process chamber 20b. Like the 
cover film 84, it may be preferred that the cover 86 be attached to and seal with the core 
80 using an adhesive, e.g. a pressure sensitive adhesive as described herein. It may be 
preferred that the cover 86 be provided in the form of a metallic layer that enhances 
thermal energy transfer into and out of the process chamber 20b. In some embodiments, 
the cover 86 may be provided in the form of a ring-shaped structure as described in, e.g., 
U.S. Patent Application Serial No. 09/894,810 filed on June 28, 2001 and entitled 
ENHANCED SAMPLE PROCESSING DEVICES, SYSTEMS AND METHODS. 

The process chamber 20b includes an integrated valve structure in the form of a lip 
40 that protrudes into the periphery of the process chamber 20b as defined by the wall 41 



8 



WO 03/058224 



PCT/US02/37970 



which in a generally circular process chamber 20b extends around the entire periphery of 
the process chamber 20b (with the periphery of the process chambers 20b and 20c being 
depicted in a combination of solid and broken (hidden) lines in FIG. 3). It will be 
understood that other process chambers may have a sidewall that is broken into segments, 
e.g., a triangle, a square, etc. 

The boundaries of the process chamber 20b are defined by the opening of the 
process chamber 20b onto the bottom surface 88 of the core 80. The lip 40 is in the form 
of an undercut extension into the volume of the process chamber 20b as seen in, e.g., FIG. 
4. As a result, a portion of the volume of the process chamber 20b is located between the 
lip 40 and the cover 86. 

A portion of the distribution channel 30b extends into the lip 40, with the opposite 
end of the distribution channel 30b being located in the next process chamber 20c. Where 
the distribution channel 30b extends onto the lip 40, an area 42 is formed with a reduced 
thickness relative to a remainder of the lip 40. 

When an opening is provided in the lip 40 within the area 42 occupied by the 
distribution channel 30b, sample materials in the process chamber 20b can move into the 
distribution channel 30b for delivery to process chamber 20c. In the absence of an 
opening in the lip 40, movement of materials into process chamber 20c through 
distribution channel 30b is prevented by the lip 40 which otherwise seals against the cover 
84 to prevent the flow of sample materials from process chamber 20b into the distribution 
channel 30b. 

Openings in the lip 40 can be formed by any suitable technique or techniques. For 
example, the lip 40 may be mechanically pierced, ablated with laser energy, etc. In other 
embodiments, a valve structure may be incorporated in the lip 40 such that when the valve 
structure is opened, materials can move from the process chamber 20b into the distribution 
channel 30b. Examples of some valve structures may include foams, shape memory 
materials, etc. as described in, e.g., U.S. Patent Application Serial No. 09/894,810 filed on 
June 28, 2001 and entitled ENHANCED SAMPLE PROCESSING DEVICES, SYSTEMS 
AND METHODS. 

The reduced thickness of the lip 40 in the area 42 occupied by the distribution 
channel 30b may provide a number of advantages. It may, for example, limit the location 
or locations in which the lip 40 may be easily pierced or otherwise deformed to provide 
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the desired opening, i.e., the thicker portions of the lip 40 surrounding the area 42 may be 
more resistant to deformation by any of the techniques that could be used to form an 
opening therethrough. Another potential advantage of the area 42 of reduced thickness is 
that it can be molded into the core layer 80 along with, e.g., the process chambers and 
distribution channels. 

Regardless of the exact nature of the valve structure used, one advantage of the 
process chamber with an integrated valve structure such as that depicted in FIGS. 3 and 4 
is that no dead space is created between the process chamber 20b and the valve. In other 
words, all of the sample material located in the process chamber 20b is subjected to 
substantially the same conditions during processing. This could potentially not be the case 
if a valve were located downstream along the distribution channel 30b from the process 
chamber 20b. In such a situation, any sample material located in the volume of the 
distribution channel between the process chamber 20b and the valve could experience 
different conditions during processing, not receive the same exposure to reagents or other 
materials in the process chamber 20b, etc. 

Referring now to FIG. 5, the process arrays on sample processing devices of the 
present invention include a connection structure located between the electrophoresis 
channels and at least one process chamber in the process arrays. The connection structure 
provides a closed configuration in which sample material is prevented from moving into 
the electrophoresis channel from the process array, and an open configuration in which 
sample material is capable of moving into the electrophoresis channel from the process 
array. The connection structure may take many forms, e.g., valves, membranes, etc., 
provided that the desired functions of controlling sample material movement into the 
electrophoresis channels. 

In the embodiment depicted in FIG. 5, the connection structure is provided in the 
form of a bifurcated construction in which the process chamber 20d is separated into two 
separate and distinct volumes by a porous plug 44. Only materials that can pass through 
the porous plug 44 can move between the different portions of the process chamber 20d. 
The upper portion of the process chamber 20d is in fluid communication with process 
chamber 20c through distribution channel 30c. 

The lower portion of process chamber 20d is in fluid communication with an 
electrophoresis medium chamber 70 (see FIG. 1) through channel 72. The lower portion 
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of the process chamber 20d is also in fluid communication with electrophoresis channel 
50. Although the channels 30c, 50, and 72 are not in the same plane and would not 
typically be seen in a single cross-sectional view, they are all depicted in FIG. 5 for the 
sake of brevity in describing the construction of the sample processing device 10. 

The sample processing devices of the present invention are constructed to allow for 
simplified loading of the electrophoresis sieving polymers into the electrophoresis 
channels 50. In addition, the construction of the sample processing devices and their 
integral electrophoresis channels allows for the loading of electrophoresis sieving 
polymers in a manner that results in substantially bubble-free electrophoresis sieving 
polymers in the electrophoresis channels 50. To accomplish simplified, substantially 
bubble-free loading of the electrophoresis sieving polymers in the electrophoresis 
channels, the present invention relies on centrifugal forces generated by spinning the 
sample processing devices. 

In the illustrated embodiment, the electrophoresis channel loading structure 
includes an electrophoresis medium chamber 70 located radially inward from the 
electrophoresis channel 50 (relative to the axis of rotation 11). It may be preferred that 
some flow restriction be provided in the electrophoresis channel 50 or in the distribution 
channel 72 leading from the electrophoresis medium chamber 70 to the electrophoresis 
channel 50 to provide sufficient back pressure during loading of the electrophoresis 
sieving polymers from the electrophoresis medium chamber 70 into the electrophoresis 
channel 50. Gas bubbles trapped in the electrophoresis sieving polymer can be driven out 
of the system (back towards the chamber 70) during centrifugal loading of the 
electrophoresis sieving polymer into the electrophoresis channel 50 when sufficient back 
pressure is developed as the sample processing device 10 rotates. 

In the depicted sample processing device 10, the flow restriction is provided by a 
valve 74 located between the electrophoresis medium chamber 70 and the electrophoresis 
channel 50. When the sample processing device 10 is rotated with electrophoresis sieving 
polymer in the electrophoresis medium chamber 70 while the valve is closed, the fluid 
pressure generated within the electrophoresis sieving polymer is preferably sufficient to 
force substantially all of the bubbles out of the electrophoresis sieving polymer. After the 
bubbles have been removed, the valve 74 can be opened and the electrophoresis sieving 
polymer loaded into the electrophoresis channel 50. 



11 



WO 03/058224 



PCT/US02/37970 



The exact speed of rotation necessary to achieve that desired fluid pressure may 
vary depending on a variety of factors, but some suitable speeds may be about 1000 rpm 
or higher, potentially about 3000 rpm or higher, and in some instances about 5000 rpm or 
higher. 

Sufficient flow restriction may be provided, in some instances, by providing one or 
more constricted passages along the path of the electrophoresis sieving polymer such that 
the desired back pressure is generated in the electrophoresis sieving polymer as the sample 
processing device 10 is rotated during the loading process. One exemplary constriction is 
depicted in FIG. 3 A where the channel 72' includes a narrowed constriction 74' in which 
the cross-sectional area of the channel 72' is reduced to generate the desired fluid pressure 
as electrophoresis sieving polymer moves in the direction of the arrow in FIG. 3 A. 

Although a valve and constricted passage are shown herein as illustrative examples 
of flow restrictors, those skilled in the art will recognize many other devices or 
constructions that could be substituted for a valve or constricted passage. These 
alternatives may include, but are not limited to, porous plugs, porous membranes, tortuous 
pathways, etc. 

Referring to FIG. 1, for example, the electrophoresis channel 50 may preferably 
include an output reservoir 62 in fluid communication with the terminal chamber 60 
located at the terminal end of the electrophoresis channel 50 (the end farthest from the 
process chamber 20d along the electrophoresis channel 50). The output reservoir 62 may 
be in fluid communication with the terminal chamber 60 through channel 63 as depicted in 
FIG. 1. The output reservoir 62 provides a volume for collection of any excess 
electrophoresis sieving polymer driven through the electrophoresis channel 50 during 
loading. It may be preferred that the output reservoir 62 be vented to atmosphere to 
facilitate complete loading of the electrophoresis channel 50. The need for venting of the 
output reservoir 62 may increase as the length of the electrophoresis channel 50 increases. 

Rotational speeds of the sample processing devices required to obtain the desired 
bubble removal and full loading of the electrophoresis channels may vary depending on a 
variety of factors, e.g., the size of the electrophoresis channels, the viscosity of the 
electrophoresis sieving polymers, the geometry of the electrophoresis channels, etc. Some 
exemplary rotational speeds may be, e.g., about 2000 rpm or higher, in some instances 
about 3000 rpm or higher, and in some instances about 4000 rpm or higher. It may be 
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beneficial to rotate the device faster during the bubble removal stage if, e.g., a flow 
restriction such as a valve must be opened to allow the electrophoresis sieving polymer to 
enter the electrophoresis channel. 

Further, the loading of electrophoresis sieving polymers into electrophoresis 
channels 50 may be facilitated by alternately accelerating and decelerating the sample 
processing device 10 during rotation, essentially burping the electrophoresis sieving 
polymers through the electrophoresis channels 50. The rotating may be performed using 
at least two acceleration/deceleration cycles, i.e., an initial acceleration, followed by 
deceleration, second round of acceleration, and second round of deceleration. It may 
further be helpful if the acceleration and/or deceleration are rapid. The rotation may also 
preferably only be in one direction, i.e., it may not be necessary to reverse the direction of 
rotation during the loading process. 

The actual acceleration and deceleration rates may vary based on a variety of 
factors such as temperature, size of the sample processing device, distance of the 
electrophoresis channel from the axis of rotation, materials used to manufacture the 
sample processing devices, properties of the electrophoresis sieving polymers (e.g., 
viscosity), etc. 

The rotational nature of the electrophoresis sieving polymer loading process in 
sample processing devices of the present invention provides an advantage in that if a void 
or bubbles are found in the electrophoresis channels after loading with electrophoresis 
sieving polymer, additional rotation of the sample processing device may be used to 
remove the void or bubbles. In some methods of the invention, the initial rotational 
loading procedure may be followed by an inspection for voids or bubbles in the 
electrophoresis sieving polymer within the electrophoresis channels. If a void or bubbles 
are detected during the inspection, the sample processing device may be rotated again in 
an attempt to remove the void or bubbles. The secondary rotation may or may not be 
accompanied by the delivery of additional electrophoresis sieving polymer to the 
electrophoresis channels. 

It may be preferred that the electrophoresis channel 50 be curved in an arc that 
follows the curvature of the periphery of the sample processing device 10 as seen in, e.g., 
FIG. 1, but the electrophoresis channel 50 may take other shapes. If the electrophoresis 
channel 50 is to follow the curvature of a generally circular sample processing device 10, 
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it may extend for varying distances about the sample processing device 10. The length of 
the electrophoresis channel 50 may be selected based on a variety of factors, including, but 
not limited to, the type of separation to be performed in the electrophoresis channel 50. 
For example, some separations may require shorter path lengths (e.g., fragment detection, 
single nucleotide polymorphisms (SNP's), etc.), while other separations may require 
longer path lengths (e.g., de novo or gene sequencing). 

One manner in which the length of the electrophoresis channel 50 may be 
characterized is in terms of the angular size of the arc formed by the electrophoresis 
channel 50 when measured relative the axis of rotation 1 1 about which the sample 
processing device 10 is rotated during use. For example, the electrophoresis channel 50 
may form an arc of about 90 degrees or more, alternatively about 180 degrees or more, 
when measured relative the axis of rotation 1 1 about which the sample processing device 
10 is rotated during use. It may alternatively be preferred that the electrophoresis channel 
50 form a longer arc about the sample processing device 10, for example, it may be 
preferred that the electrophoresis channel 50 form an arc of about 320 degrees or more 
when measured relative the axis of rotation 1 1 about which the sample processing device 
10 is rotated during use. Although not depicted, it should be understood that in some 
instances the electrophoresis channel 50 could extend more the 360 degrees about the 
sample processing device 10. When characterized in terms of an angular arc, the size of 
the sample processing device 10 will also be a factor in determining the path length of the 
electrophoresis channel 50. 

FIGS. 6 A and 6B depict cross-sectional views of alternative constructions of 
electrophoresis channels as used in connection with the present invention. The cross- 
sectional view of the electrophoresis channel 50 depicted in FIG. 6A (taken along line 6-6 
in FIG. 1) shows a core 80 in which the electrophoresis channel 50 is formed as a trough 
by any suitable technique. The electrophoresis channel 50 is then closed by a cover film 
84 attached to the core 80 by any suitable technique, e.g., adhesives, welding (thermal, 
chemical, etc.), etc. 

Although the electrophoresis channel 50 is depicted in the cross-sectional view of 
FIG. 6A as having a generally rectangular or square profile, the actual profile of the 
electrophoresis channels used in sample processing devices of the present invention may 
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take any suitable shape. For example, it may be desirable in some instances to provide an 
electrophoresis channel 50 with a more rounded bottom. 

The alternative construction for an electrophoresis channel 150 seen in FIG. 6B 
includes a capillary or other tubing 152 located within a slot 154 formed in the core 180 of 
a sample processing device. The actual electrophoresis channel 150 is formed within the 
tubing 152, while the slot 154 is provided to hold the tubing in place. 

One potential advantage of this construction is that the materials for the tubing 152 
can be selected for compatibility with the electrophoresis process while the materials for 
the core 180 can be selected for other properties as desired. Further, it may be easier to 
accurately control the size of the inner diameter of the tubing 152 than to control the size 
of the slot 154 formed in the core 180. Another potential advantage of the construction 
depicted in FIG. 6B is that the size of the electrophoresis channel 150 can be varied by 
providing tubing 152 with a different wall thickness. As a result, a single core 180 with a 
slot 154 of one size may be used with tubing that has different inner diameters but the 
same outer diameter to provide electrophoresis channels 150 with different cross-sectional 
dimensions. 

Another optional feature depicted in FIG. 6B is a cover film 184 located over the 
slot 154. The cover film 184 may be useful in retaining the tubing 152 within the slot 154 
and/or protecting it from damage during use. The cover film 184 may be attached to the 
core 180 by any suitable technique, e.g., adhesives, welding (thermal, chemical, etc.),-. etc. 
Another option to the cover film 184 is that the tubing 152 may be retained within the slot 
154 by, e.g., an adhesive such as, e.g., an optical grade epoxy. 

The substrates, cover films, tubing and other components used in connection with 
the sample processing devices of the present invention may be manufactured of a variety 
of different materials, provided that the materials used are compatible with the various 
sample materials, reagents, etc. that may come in contact with the various materials. In 
addition to compatibility issues, the materials used in connection with the sample 
processing devices of the invention may be selected for other properties, such as 
transparency to electromagnetic energy of selected wavelengths, absorption of 
electromagnetic energy of selected wavelengths, reflectivity of electromagnetic energy of 
selected wavelengths, heat transfer properties, thermal mass properties, etc. For example, 
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it may be desirable to provide fillers such as, e.g., aluminum oxide, titanium oxide, etc. in 
an otherwise primarily polymeric substrate to enhance selected properties of the substrate. 

Further, the construction of the sample processing devices of the present invention 
may take on a variety of forms. Some suitable examples of different constructions for 
sample processing devices may be found in, e.g., U.S. Patent Application Serial No. 
09/894,810 filed on June 28, 2001 and entitled ENHANCED SAMPLE PROCESSING 
DEVICES SYSTEMS AND METHODS and U.S. Patent Application Serial No. 
09/895,010 filed on June 28, 2001 and entitled SAMPLE PROCESSING DEVICES. 
Other useable device constructions may be found in, e.g., U.S. Provisional Patent 
Application Serial No. 60/214,508 filed on June 28, 2000 and entitled THERMAL 
PROCESSING DEVICES AND METHODS; U.S. Provisional Patent Application Serial 
No. 60/214,642 filed on June 28, 2000 and entitled SAMPLE PROCESSING DEVICES, 
SYSTEMS AND METHODS; U.S. Provisional Patent Application Serial No. 60/237,072 
filed on October 2, 2000 and entitled SAMPLE PROCESSING DEVICES, SYSTEMS 
AND METHODS; U.S. Provisional Patent Application Serial No. 60/260,063 filed on 
January 6, 2001 and titled SAMPLE PROCESSING DEVICES, SYSTEMS AND 
METHODS; U.S. Provisional Patent Application Serial No. 60/284,637 filed on April 18, 
2001 and titled ENHANCED SAMPLE PROCESSING DEVICES, SYSTEMS AND 
METHODS; and US. Patent Application Serial No. 09/895,001 filed June 28, 2001 and 
entitled SAMPLE PROCESSING DEVICES AND CARRIERS. Additional clean-up 
and/or removal materials and other features may be found in, e.g., U.S. Patent Application 
Serial No. 10/027,226, filed December 20, 2001 and entitled METHODS AND DEVICES 
FOR REMOVAL OF ORGANIC MOLECULES FROM BIOLOGICAL MIXTURES 
USING A HYDROPH1LIC SOLID SUPPORT IN A HYDROPHOBIC MATRIX and in 
U.S. Patent Application Serial No. 10/027,222, filed December 20, 2001 and entitled 
METHODS AND DEVICES FOR REMOVAL OF ORGANIC MOLECULES FROM 
BIOLOGICAL MIXTURES USING ANION EXCHANGE. 

Some of the devices described in connection with the above-listed references may 
include additional features such as, e.g., filter chambers and other methods and 
compositions for removal of unwanted materials from the sample mixtures, etc. The 
methods described herein can be used in a variety of different processes involving 
biological mixtures. Examples of such processes involve the clean-up of chemical 
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reaction mixtures, e.g., nucleic acid amplification, which may or may not also be carried 
out in process chambers of the device. Some or all of the required reagents may be 
present in the device as manufactured, they may be loaded into the process chambers after 
manufacture of the device, they may be loaded in the process chambers just before 
introduction of the sample, or they may be mixed with sample before loading into the 
process chambers. 

One method using a sample processing device according to the present invention 
may include starting with sample material, e.g., lysed blood cells, that are provided in a 
loading chamber on the device. Referring to, e.g. FIG. 1, the innermost process chamber 
20a may serve as a convenient loading chamber in such a method. A filter (not shown) 
may preferably be provided to filter the starting sample material as it moves from the 
loading chamber 20a to the next process chamber 20b through distribution channel 30a. 
Movement or transfer of the sample materials from the loading chamber 20a to the process 
chamber 20b may preferably be accomplished by rotating the sample processing device 10 
about the axis of rotation 11. 

The process chamber 20b may preferably include suitable polymerase chain 
reaction (PCR) primers as supplied, e.g., dried down in each of the chambers 20b. Each of 
the chambers 20b may include the same primer or different primers depending on the 
nature of the investigation being performed on the starting sample material. One 
alternative to providing the primers in the process chambers before loading the sample is 
to add a suitable primer to the loading chamber 20a with the starting sample material 
(provided that the primer is capable of passing through the filter, if present). 

After locating the starting sample material and any required primers in the process 
chambers 20b, die biological mixtures in the process chambers 20b are thermally cycled 
under conditions suitable for PCR amplification of the selected genetic material. Such 
thermal cycling may preferably occur while the sample processing device 10 is rotated as 
described in some of the references identified above. 

Rotation of any sample processing device 10 during the PCR process (or at any 
other desired time) may be used to facilitate mixing through mechanical agitation of the 
sample materials and any other materials (e.g., reagents, etc.) present in the process 
chambers. The mechanical agitation may be accomplished by oscillating the sample 
processing device 10 in opposite directions about the axis of rotation 11. The oscillations 
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may vary in frequency and/or magnitude depending on a variety of factors, e.g., the 
size/shape of the process chambers, the amount of materials in the process chambers, 
viscosities, temperatures, stability of the sample materials, etc. For example, it may be 
useful to accomplish mixing by oscillating the sample processing device 10 at a frequency 
of about 1 Hertz to about 100 Hertz. The magnitude of the oscillations may be, e.g., from 
about 5 degrees to about 360 degrees. 

The mechanical agitation can be carried out during, for example, PCR, Sanger 
cycling, clean-up of the PCR reaction mixture, clean-up of the sequencing reaction 
mixture, as well as during various other processes that can be carried out in the 
microfluidic sample processing devices described herein. Similarly, mechanical agitation 
by rotation, or other technique, can be carried out on any of the sample processing devices 
described herein. 

After completion of the PCR amplification process, the materials in each of the 
process chambers 20b may be moved through another filter chamber (not shown), with 
one filter chamber being provided for each process chamber 20b to remove unwanted, 
materials from the amplified materials in the biological mixture, e.g., PCR primers, 
unwanted materials in the starting sample that were not removed by filter or filters, etc. In 
some instances, the process chambers 20 and/or distribution channels 30b may include 
active chemistries coated on surfaces. Alternatively, or additionally, they may contain the 
solid-phase materials for sample clean-up (e.g., dye removal). The area in which the 
active chemistry is included in such devices can be a process chamber 20 or in the volume 
defined by a connection between two process chambers or both. 

The PCR amplification products from each of the process chambers 20b are moved 
into process chambers 20c for, e.g., sequence cycling of the genetic materials amplified in 
process chambers 20b through appropriate control of the thermal conditions encountered 
in process chambers 20c. It may, however, be preferred to clean-up the sample materials 
before performing any desired processes in process chambers 20c by, e.g., passing the 
sample materials through a filter chamber, etc. 

After completion of the sequence cycling (e.g., Sanger sequencing) process in 
process chambers 20c, the materials in each of the process chambers 20c may be moved 
into the outermost process chambers 20d by, e.g., opening a valve and rotating the sample 
processing device 10 about the axis of rotation 1 1 . It may be preferred to pass the 
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sequence cycling reaction products through, e.g., another filter chamber (not shown) to 
remove unwanted materials from the sequencing ladders (e.g., sequencing primers, 
ddNTPs, etc.). The filter chambers may, e.g., contain active chemistry coated on surfaces 
of the chamber, for example. Alternatively, or additionally, they may contain solid-phase 
materials for sample clean-up (e.g., dye removal). 

After moving the sample materials into the outermost process chamber 20d, the 
target DNA materials in the sample can be moved into the electrophoresis channel 50 by 
any number of techniques. Typically, however, the electrophoresis channel 50 will be 
separated from the process chamber 20d by, e.g., a porous plug 44or other barrier that can 
prevent flow of the electrophoresis sieving polymers into the process chamber 20d during 
loading of the electrophoresis channel 50 and also prevent the passage of unwanted 
materials from the process chamber 20d into the electrophoresis channel 50. 

One technique that can be used to move the target DNA materials through the 
porous plug and into the electrophoresis channel 50 is electrokinetic injection. For 
example an electrode located within the process chamber 20d could be used in connection 
with a second electrode located within the electrophoresis channel 50. By applying the 
appropriate voltages to the electrodes, the target DNA material within the process chamber 
20d can be moved through the porous plug and into the electrophoresis channel 50 where 
separation can occur. Other potentially suitable techniques that could be used in place of 
electrokinetic injection through a porous plug include, but are not limited to, hydraulic 
loading, valving, etc. 

The actual techniques of performing sequencing separations in the electrophoresis 
channel 50 are substantially similar to the techniques used when performing sequencing 
separations using conventional equipment, devices and techniques. For example, a first 
electrode 56 may be provided in electrical communication with the electrophoresis sieving 
polymer in the electrophoresis channel 50 proximate the process chamber 20d. The first 
electrode 56 may be attached to the sample processing device 10 such that it forms an 
integral part of the device 10, or it may be provided separately as, e.g., a probe inserted 
into the electrophoresis channel 50 proximate the process chamber 20d. The exact 
construction and/or form of the electrode will be known to those skilled in the art of 
electrophoresis separation methods. 
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A second electrode 58 may be provided distal from the first electrode that is 
located proximate the process chamber 20d from which the target DNA enters the 
electrophoresis channel 50. The second electrode 58 may also be attached to the sample 
processing device 10 such that it forms an integral part of the device 10, or it may be 
provided separately as, e.g., a probe inserted into the electrophoresis channel 50 proximate 
the terminal chamber 60 located at the opposite end of the electrophoresis channel 50 from 
the process chamber 20d. By applying the appropriate voltages to the electrodes 56 and 
58 in the electrophoresis channel 50, the target DNA material within the electrophoresis 
channel 50 can be separated as desired. 

An alternative sample processing device 210 is depicted in FIG. 7 and includes 
process arrays including process chambers 220a, 220b, 220c, and 220d and connecting 
distribution channels connecting the process chambers in sequence. The arrangement of 
process chambers and distribution channels is similar to that described above in 
connection with the sample processing device 10 illustrated in FIGS. 1 and 2. 

One significant difference, however, is that the electrophoresis channels 250 on the 
sample processing device 210 are not curved in an arc as are the electrophoresis channels 
50 of sample processing device 10. It may be preferred that the electrophoresis channels 
250 be arranged radially on the device 210. It may further be preferred, but not required, 
that the electrophoresis channels 250 be generally straight as seen in FIG. 7. 

In the configuration shown in FIG. 7, the electrophoresis channels 250 may not 
require any venting proximate the outermost end of the electrophoresis channel 250 (i.e., 
the end located furthest from the axis of rotation 21 1) to provide for complete loading of 
the channels with electrophoresis sieving polymers. As discussed below, the 
electrophoresis channels may be unvented. In such a situation, however, it may be 
desirable to employ a variety of acceleration/deceleration profiles to facilitate complete 
and substantially bubble-free loading of the electrophoresis channels 250. 

Furthermore, when the electrophoresis channels are unvented, a flow restriction 
(e.g., a valve or constricted passage) may not be required to assist with bubble removal 
from the electrophoresis sieving polymer during loading. The unvented nature of the 
electrophoresis channels 250 may allow for the generation of fluid pressure within the 
electrophoresis sieving polymer during loading to remove bubbles and/or voids in the 
electrophoresis sieving polymer. 
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Another illustrative variation in the sample processing devices of the present 
invention is depicted in FIG. 8, in which a sample processing device 310 includes a 
number of electrophoresis channels 350 arranged such that they include an inner process 
chamber 320a located proximate the axis of rotation 311 and an outer process chamber 
320b located further away from the axis of rotation 311 than the inner process chamber 
320a. As a result, materials located within inner process chamber 320a can be loaded in 
the electrophoresis channels 350 by rotation of the sample processing device 310 about the 
axis of rotation 311. Although the electrophoresis channels 350 are not located along 
geometrically accurate radial lines, the electrophoresis channels 350 will be considered to 
be arranged "generally radially" for the purposes of the present invention. It will be 
understood that in the simpler construction depicted in FIG. 8, the inner process chamber 
320a can function as both the entry point for the electrophoresis sieving polymer (i.e., the 
process chamber functions as the electrophoresis medium chamber), as well as the entry 
point for the sample materials to be processed using the electrophoresis channels 350. 

FIG. 9 depicts another alternative sample processing device 410 according to the 
present invention. The sample processing device 410 includes a plurality of 
electrophoresis channels 450 extending generally radially outward from the axis of 
rotation 41 1 of the sample processing device 410. Each of the electrophoresis channels 
450 emanates from a central process chamber 420a provided in the shape of a ring and 
terminates in a process chamber 420b. 

All of the electrophoresis channels 450 are in fluid communication with the single 
process chamber 420a, although it should be understood that in sample processing devices 
of the present invention two or more process chambers could be provided in place of the 
single process chamber 420a, with each of the two or more process chambers being in 
fluid communication with two or more of the electrophoresis channels 450. 

As with FIG. 8, it will be understood that in the simpler construction of FIG. 9, the 
inner process chamber 420a can function as both the entry point for the electrophoresis 
sieving polymer (i.e., the process chamber functions as the electrophoresis medium 
chamber), as well as the entry point for the sample materials to be processed using the 
electrophoresis channels 450. 

As discussed above, the electrophoresis channels depicted in connection with 
FIGS. 1 and 2 are preferably vented proximate their terminal ends (i.e., the ends distal 
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from the electrophoresis medium chambers) to facilitate complete filling of the 
electrophoresis channels with electrophoresis sieving polymers. In contrast, the shorter 
electrophoresis channels depicted in connection with, e.g., FIGS. 7-9 may not need to be 
vented proximate their terminal ends to obtain complete filling of the electrophoresis 
channels. In other words, the electrophoresis channels on the devices 310 and 410 can be 
unvented, with the only openings into and out of the electrophoresis channels being 
located proximate the electrophoresis medium chambers or process chambers used to load 
materials into the electrophoresis channels. If the electrophoresis channels are unvented, 
the use of multiple acceleration/deceleration profiles discussed above may be used to 
facilitate complete filling of the unvented electrophoresis channels. 

Various modifications and alterations of this invention will become apparent to 
those skilled in the art from the foregoing description without departing from the scope of. 
this invention, and it should be understood that this invention is not to be unduly limited to 
the illustrative embodiments set forth herein. 
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CLAIMS: 

1. A method of providing an electrophoresis channel containing an electrophoresis 
sieving polymer, the method comprising: 

providing a device comprising a plurality of electrophoresis channels and at least 
one electrophoresis medium chamber; 

providing electrophoresis sieving polymer in the at least one electrophoresis 
medium chamber; and 

rotating the device about an axis of rotation while the at least one electrophoresis 
medium chamber is in fluid communication with each electrophoresis channel of the 
plurality of electrophoresis channels, wherein the at least one electrophoresis medium 
chamber is located radially inward from the plurality of electrophoresis channels relative 
to the axis of rotation; 

wherein the electrophoresis sieving polymer in the at least one electrophoresis 
medium chamber moves into the plurality of electrophoresis channels during the rotating. 

2. A method according to claim 1 , wherein the plurality of electrophoresis channels 
are arranged generally radially with respect to the axis of rotation. 

3. A method according to claim 1, wherein at least a portion of the rotating is 
performed while preventing movement of the electrophoresis sieving polymer into at least 
one electrophoresis channel of the plurality of electrophoresis channels. 

4. A method according to claim 3, wherein the preventing comprises holding a valve 
in a closed configuration between the at least one electrophoresis medium chamber and the 
at least one electrophoresis channel. 

5. A method according to claim 4, further comprising opening the valve between the 
at least one electrophoresis medium chamber and the at least one electrophoresis channel, 
wherein the electrophoresis sieving polymer moves into the at least one electrophoresis 
channel. 

6. A method according to claim 1 , further comprising: 
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inspecting the plurality of electrophoresis channels for gas bubbles in the 
electrophoresis sieving polymer within the plurality of electrophoresis channels after 
rotating the device; and 

rotating the device about the axis of rotation after inspecting if the inspecting 
reveals gas bubbles. 

7. A method according to claim 1, wherein the rotating comprises at least two 
acceleration/deceleration cycles. 

8. A method according to claim 1, wherein the electrophoresis sieving polymer 
moves in a generally radial direction relative to the axis of rotation when the 
electrophoresis sieving polymer in the at least one electrophoresis medium chamber moves 
into the plurality of electrophoresis channels during the rotating. 

9. A method of providing an electrophoresis channel containing an electrophoresis 
sieving polymer, the method comprising: 

providing a device comprising at least one electrophoresis medium chamber and a 
plurality of electrophoresis channels, wherein each electrophoresis channel of the plurality 
of electrophoresis channels comprises an unvented electrophoresis channel; 

providing electrophoresis sieving polymer in the at least one electrophoresis 
medium chamber; and 

rotating the device about an axis of rotation while the at least one electrophoresis 
medium chamber is in fluid communication with each electrophoresis channel of the 
plurality of electrophoresis channels, wherein the at least one electrophoresis medium 
chamber is located radially inward from the plurality of electrophoresis channels relative 
to the axis of rotation; 

wherein the electrophoresis sieving polymer in the at least one electrophoresis 
medium chamber moves into the plurality of electrophoresis channels during the rotating. 

10. A method according to claim 9, wherein the plurality of electrophoresis channels 
are arranged generally radially with respect to the axis of rotation. 
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11. A method according to claim 9, further comprising rotating the sample processing 
device while preventing movement of the electrophoresis sieving polymer into at least one 
electrophoresis channel of the plurality of electrophoresis channels. 

12. A method according to claim 1 1, wherein the preventing comprises holding a valve 
in a closed configuration between the at least one electrophoresis medium chamber and the 
at least one electrophoresis channel. 

13. A method according to claim 12, further comprising opening the valve between the 
at least one electrophoresis medium chamber and the at least one electrophoresis channel, 
wherein the electrophoresis sieving polymer moves into the at least one electrophoresis 
channel. 

14. A method according to claim 9, further comprising: 

inspecting the plurality of electrophoresis channels for gas bubbles in the 
electrophoresis sieving polymer within the plurality of electrophoresis channels after 
rotating the device; and 

rotating the device about the axis of rotation after inspecting if the inspecting 
reveals gas bubbles. 

15. A method according to claim 9, wherein the rotating comprises at least two 
acceleration/deceleration cycles . 

16. A method according to claim 9, wherein the electrophoresis sieving polymer 
moves in a generally radial direction relative to the axis of rotation when the 
electrophoresis sieving polymer in the at least one electrophoresis medium chamber moves 
into the plurality of electrophoresis channels during the rotating. 

17. A device for processing sample material, the device comprising: 

a substrate comprising first and second major surfaces and a hub defining an axis 
of rotation for the substrate; 
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a plurality of electrophoresis channels in the device, wherein the plurality of 
electrophoresis channels extend generally radially outward relative to the axis of rotation; 

a plurality of process chambers in the device, each of the process chambers 
defining a volume for containing sample material; 

a connection structure located between at least one electrophoresis channel of the 
plurality of electrophoresis channels and at least one process chamber of the plurality of 
process chambers, wherein the connection structure comprises a closed configuration in 
which sample material is prevented from moving into the at least one electrophoresis 
channel from the at least one process chamber, and wherein the connection structure 
comprises an open configuration in which sample material is capable of moving into the at 
least one electrophoresis channel from the at least one process chamber; and 

at least one electrophoresis medium chamber in fluid communication with each 
electrophoresis channel of the plurality of electrophoresis channels. 

18. A device according to claim 17, wherein the plurality of electrophoresis channels 
comprise straight electrophoresis channels extending radially outward from the 
electrophoresis medium chamber relative to the axis of rotation. 

19. A device according to claim 17, wherein at least one electrophoresis channel of the 
plurality of electrophoresis channels comprises a curved electrophoresis channel. 

20. A device according to claim 17, wherein each electrophoresis channel of the 
plurality of electrophoresis channels comprises an unvented electrophoresis channel. 

21. A device according to claim 17, wherein each electrophoresis channel of the 
plurality of electrophoresis channels comprises a curved electrophoresis channel forming 
an arc of about 90 degrees or more within the substrate. 

22. A device according to claim 17, wherein each electrophoresis channel of the 
plurality of electrophoresis channels comprises a curved electrophoresis channel forming 
an arc of about 180 degrees or more within the substrate. 
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23. A device according to claim 17, wherein the plurality of electrophoresis channels 
comprise a plurality of capillary tubes attached to the substrate. 

24. A device according to claim 17, wherein the connection structure comprises a 
porous plug. 
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